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ABSTRACT : PROBLEM TO BE SOLVED: To make feasible of avoiding the fluctuation in the threshold 
value voltage also raising the surge resistance level as. well as avoiding the defective 
punch through. 

SOLUTION: The regions 3b in no contact with a surface channel layer 5 out of a base 
region 3 are formed of boron while forming the regions 3a in contact with the surface 
channel layer 5 of aluminum. That is, if the regions 3a in contact with the surface channel 
layer 5 are formed of aluminum in low diffusion coefficient, the fluctuation in threshold 
value voltage due to the diffusion of B can be avoided. On the other hand, if the regions 3b 
in no contact with the surface channel region layer 5 are formed of B in high activating 
factor and low activating energy, the surge resistance level can be raised. Furthermore, 
these regions 3b are formed of B in longer range, thereby making feasible of easily 
increasing the junction depth also avoiding the defective punchthrough. 
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[004 1 3 ^fe. -M9i7(CSt" 
ypjgOTfflStctiSB l <o K-^O h $r#t?m l o<-^1S 

j^ j ^fi!t$^vu-5tc-riiif. mm^^m^m 

1 ^ Hty h <rmSL*m£tzz. t *»*T# * . 
[00423 St^8 WE»056Wfc:*iv>Ttt. mi O 

fc*r#S*i: LTV **. 
[00433 C<0«ketc, tOKfiRft^SJarmKOH- 
h Z^tsm 1 <7K<.-XfR^'m2 ^)<-^^«k 9 

i>m<%Z>lo{ztz>zbX\ ;*y*}-?.iv-a>%&*® 
±-tZ>ZbtfX*h. $4>t. »^S4 J ^fl^6^ 
t*j v *T i4. m 2 O^-^lftMW ?ii/>:eatci3 
v*TgU^W^<T# Z>tz#>. ZeD&fttz&^TT^y 

[00443 it^i9 izimnftBMz&^xnm i 

-X««S:*lBf-*^Ji*»^|i|BLT««-r* i b * 

mmbLx\i&, 

[00453 ;^'jC. ^l^K-^^Ift 

*>isMfrt>ms\2-£XBf$i'mi£. £<omm***n>m 

^ffM 1 CO K-/<xh *>8*£I»jLT*$ * . 
[00463 if&B 1 0 CEttoJM8*c*JV^Ttt. fit 1 

<^-xmt$ibmB¥v*tumbi} s 8tt&x a hlt*j 

9, ^ffif- J r^ii'f{^4il4mi^K-^>'h<r)jg 
a®f- J r^/U*4'(c:i5rtsmi^^S^^ii 
S«t 9 ii&KZc&io fctS^.t srlfSi: LTv*4. 

[ o o 4 7 3 m i eo^—xmi& b mm* * *>vm t 
sm i sra^neHK^wi: 9 1«< #4 * a t-rti 

4. 

[00483 m^m i i tc^-r «t a ^ m 

s^ybb LTA 1 (7;^-->A) Sluiitm 
4. 

[00493 mam. 1 2(cies!c^^Hj(2i>v>T{i, 
xmmt . m i <r> w h *r-t-om i o^-xfwg 

(3b)t.gl« hi 9 fc8»fiRiwvhS3r 

m20H-^>-hr#tfm20<-^lg (3a) J: ^ 
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^trm. mi ^-xmmmm^^^mii^m 

®ltz&mz&&Zi\X^2>Zb£ftmb LTV^. 
[0050] Z£0 J: ot.gl ^K-Xfi^fft 

[0051] IB*=fll 3 WEiB<o*WK:*v^Ttt. 
fc IT i . 

[0052] - ^) j: 6 izi m l <?y^-xmm<v-xm 

*uc ><:.*•>. mi i— »»-> -h^attciftLsv^ 
[005 3 1 jaiun i i 5 mi rii-Am 

[0051] iAJliff 1 ^(lAI&DJMfflCttlYra. mi 

! =5ro-Cir >Z>Zb *-15lft it 

[0 0 5 5] U>£ >12. K2i?>^—AMi&z:i%<-$-& 
Z biz J: o-C. / i > -J- 7. « -^j.9^S: jnno-f* £ f: &? 

[0056] AttATCU . ift&R 1 6 fcjjrT J: ac.i 
10H-/0 h«D (#o> ) T'&D. I2<0K-ny 
h 12 A 1 ( 7\U 5 - *>«M ~'fiffi!£T*# & . 
[00 57] 

[0058] (SI £SfcJfg& ) m 1 : fc. *5gt*)JBjBC 

*5tt 6 y-v y 3j- ) n j---? w\>? 4 rri^-tSM 

OSFET (ifA'7-MOSFET) <7)Br®H*^ 

[ 0 0 5 9 3 HI (Cg-Ja >T IrcM^-MO SFETtf) 
^-MOSFETIi. .kaELfcHl lCStMOSF 

ETbimmm^mm^tx^tctb. sfciswc 

^-MOSFETW^. 01 1 iZfjk-fM O S F E T i: 

mm<D&ftiz^x \mm.<r>&^ t x t> & . 

[00 6 0] Hi KC^-fMOSFETTii. pS<- 
Xffi&3 r 1 «3tc7; ).—/*>• h £JBv >T J^fiJt L tW* 
2 WB*> K-;f>- h ^ffl^T»*L 

[006 1] Pl<-Zf^3ll 1 £D K-v\->- h 



3ak. K-yN-Vht LT£>B#K-tT>:/$ixT^j£ 

[0062] o> ps<-^^3S)d^., g-^ai 
§ >^ 3 a tisatflafcwdvs v > a i -c®^ lt b 
nmw^ *>i-m 5-^cQimzwfflX'Z iz-r& b 

[0063] Cilt: J: 0 . aM^-r *;PJI 5^BC0J(£ 

et tz t h l # i io^a>. < £ t 

nx^&. 

[0064] ^ri>\ i>W<-AMm3co8fe%iZii^ ® 
1 1 IZifctMOSFET bmmbK-oX^Z . 

[0065] ifcC. H 1 ^-figM^^-MOS FET 
C0iSjtX^$-. 122 ( a ) — ( d ) (C«^UTi8BJ-f 

fit. _hiSU:$fcO£tSlg (#^F9-2 59 07 6 
•t) tPiaiOXgtzov^TJilll 2~Hl4S-#ggLT 
ittB8$-#B&-r-S». **5. 02 tt.' lltit®^- 
M O S F E T<7)ffir®H<7)^^{cK^-r h . 

[0066] . Hi 2 ( a ) iZm-TX 0 (C, 

x^«3S-^-r&. 

[0 06 7] l®2 (a) iZTjitxn) 
itAhmZm^Xn- Ixtl2 <7>_bOJ3r5ETgi£(:: L T 
OI2 15rfi£lU £il$rV^i?i;LTB«:-f^>-aA 

$£M (B % A 1 . N^OT^i0JStt-ftT~-/l') ^ 

w?**/i<m5Zf&Mz^&mz&tfz,3mmiz£r> 
x. B&m:m^*}\sM5izffi&i%:um&. mt<a 

LX i> *>vm 5 "^>i£ifcS# l x i o 1 6 c 

m- 3 &Tb%&£5lzMWtZ. *fttttcli. &S8ME. 
S-4 00keVi:3 5 0keVt L. K— XJI* 1 X 1 
0>«em-«aitkU^4. 

[0068] ^-o^. jKaaaciofB^attflss* 

(JSC B#&A3iifc««3bjWB*3ii*.. 
[006 9] -r^J:^ fc, pM<-x^3oe^>, m 

com ^toftZfrncQZ^ B T"®j£ LT V ^ ^ift . 

Aix&fc-t&mnrbit^x, &-&mzz®%izm<-t 
zzb&x'%&. $4>(c. pm^-xffl&scoo-h. m 
^•M^comv^^Bx-msLixi^tiib. a i xm&L 
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[0070] C02 (b) iz^-rxm mz. to- 

ZCObZ. Al*>\ fclZ&XLtzBV>&JJ§com±. 

$\ gfcftlZli, tXS&^Ez: 400keV, 250ke 
■V. 150keV. 30keVfcU K-X4£ixi 
0 14 cm-2fc LT^5. 

[0071] mmzmvxA 1 *rsefl:$-£ 

4. ZtciZi*). n- MxeJS2^fflt'^-t^>ia 
SfifC. A l #&A£*Vt^i£3 ajWBj£$fi&. 

[0072] znzoiz. pm^-xmmsm-h. m 

t fc J: 0 . BA* H-t^^Siife«W3 b*WBf-r * 

mtT-->i>&fizi$ii2>mm? j r *)vm b nmn 

[00 7 3] ZlOiolZ. Wi2 (a) . ( b ) KJjrTX 

$ com^&ftzm < * x&x ta < 

^BX'B&LX ^Zfilib^ SBSf-V^UJI 5-^0 BOSS 

f m-z n* siv-xmm4<7)Tmztm{i3L*)v*?-<?> 
a^kca 1 1 Bmjj&m&rz z t tf*imt% o . b^ 

[0074] fot. Slffi^ */WI5 ^Bcmmz 

£hL%vm^ei$mzm±x'Zz>tmz. m&mz 

[00 7 5J A liD^f *>&Xm^A?bB<D4 

*>&.Ztt~?X?bLX. <0LTOI2 l&JB^S 

[00 7 6] CH2 (c) tcg^HBD LTOJB2 1* 

«±te^M««K^i x i o» c m-mr. mM&o. 

[00 7 7] SBf*?— MOSFETfcy- 

15) y-htBffiS^^EE^EPlinfCV^V^tJtt 
£ P fi.*-.xfR83j&»4>«E*--**;Wi 5 
mnWlfSLb . y- MS-fl^7^o*®f-r^Hi 5 1 

[0078] M&mzl± . P SK-^ffiiS 3 *»6Mf> 



5 i: p S^-x^ 3fcf)P Ng^tf) t'/U h A v%mz 
J^T&JgSfl. y-hK'ftK7^A,affif- J r^-Ji5 

iz&tfhzgzmiTmtsxi. y-hmw.7c»wft&v 
owem&mz £r>x$i&.£ti& tub. ztit>iz&$^ 
[0079] zm 0 0 xymntm^v-M 

OSFETIl ffl$Kc b'lZX^X ?- h f£B&K«BE#EP 
t £ t tfX't S . 

[ooso] sfc, sitw^-rioK. pm^-xmm 
assrtr^^fiifcj^T^s. mar, pi^- 

ffl&3frt>m%MZMif-rb ^0 z b&X-£%^t:#>. 
pSK-*««3*V-*rai 0 fc 
14. »+^15rt'm7««:»iil 

[0081]^. pM^-^^3^^iRgf:l§ 
< -TS i b IZ £ 0 t*/P N -f >-^E$r «k HflW* 

[0 08 2] ^f^. *3«tJKBTt±«fl««t: J: 
SM-y-MOSFETS-lgjttTV^^. cnSr^'J^ 

n<ommmmimBt?$>&fii#>. jjsmtktwv^ 

S--?Vyt-7W0)MOSFET&m&t&Zbf] t mMb 

^r^ e znfizfr. $mmmmn£o<,zs i czm^&z 
btz*9. isvzyzm^fina&b&Kxms&kKim 

a'7-M O S F E T JlSt I. i t ^tl 5 . 

[0083] y-vy^-^s^ass^'y-Mos 

m^fiimGiz&VAsbj ymEtf&^ficv>. mm**** 
ivm5<7>m.x-*m< LWT*®mx&u< lx&oll 

z b b . imizmmfitmmx-h h b v \x. h . 

L*»L**««>, S i C $rfflv^%^ciit';Ub-f 
#^'jny^3tei:l«<, aS^^^SSOJS^a: 

-?o*ym<7>wmmMosFETzm&t&zbt> ; WM 

XfoZ> b 

[0084] . 7thWX^ffl 

ISSU iiXarVX^tLTN (If) fiOni^Siffl 
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btnJXy&XZkmt. 700X:. H-XSJ51X1 

[0085] CH2 (d) t^-TlgJ LTO 
BI2 1 £R&*U££. 7* M/^hffi^fflV^aif 
^^/^50±om^^LTOJK2 2£8£{1U £ 
tl£~?X7b LTpST^^tf^&AU pK- 
7fl*£ 3±OfHB.^ 5 £tf$W9K: pM^mmz 

ft. 

[00 86] ioflL ftottHfcRHRK:-. Hi 
JfcU ZblZV—xmi 0*HM ^®E1 l£-fft 

.ittioT. a i c^-rjaa^N-y-M OSFE T**5£ 
j£-rft. 

[0 0 87] ^OIBS'f?— MOSFETDffcffl 

•(IMP) SrSMH-S. 

[00 88] ^MOSFETUy~7U^-73B<ont j e 
-HTlMWit«T*-Jt. y-h®ffi8t=ffiBE£EP 
in v ^S^-li » X&f*-* 5 lz& ir vc * ■* 'J T 

ztiz£K). mmi-**)vm5by-hm&&b<Dffii?) 
&mmtLt7>m.bt\-%,frtz(DmmE.cr>mz± o&ttm. 

fi^&Sftfcfc-frft . Z<r>Z t t-ct 0 . f"V*/U9*aH£ 
*»*-ft£fc0«r*ft: 

[ 0 0 8 9 ] .'oi 0 . y- hmfiE8i0ftTO^Sr^ 1 (O 

womb u mM^^ivm s&tiiwm&zms&itm 

m& b 1 tz b # . IS 1 -3S 3 ^ffcWPgfeo^** flffl U 
T. S®^T*;l-J15^nSO**i;T£3^{fc;-tft8l 

ksi i -353 coitwm&b mrn+v *>vm s <7^mm 
%&.vwkmzm , ?£thzbtfx'%h. 

[00 9 0] sfcfc. .*7««(CiS^T, S£fli£ii. P 

- hifS&ffil (Si0 2 ) 7 4: «fr>* 5 
#Mfc&wrn* IV-^IiS4Hn- fflKU7MI[ 

7W «/^y$*lft. CcDtt. «^(±, n* M7-7 

*^n- SxtfJI2(;gHx£. n- SxtTJS2 

fil (n* FW y) A4M£a6h.ft. 
[0091] iOi 3 fcy— hm@8^iE^^E$:0T»n 
-f ft £ i: iz J: *) . 4QBf-r^>PJ| 5 (zmBB?**- *JMEr 



f$g$-tf\ V-7fgfiii Oi: KWS'ffl 1 icoOfSfc 
^-v'JTtfSSftft. 

[0092] cm2mmm) mimtemrai. P i 

<-7s«ig3^3^&^$3m^#fcftftTgi£3 a 

*HW«B"C«. a®^+*/WI5*-JB*j£L*:&£ 
ffi.t&3a.Zm&L-tZ>i%i!rZijkt. 133 ( a ) - ( d ) IZ 

£rf»x*mtffii&tzi2ttzwkxn$:im-t&. ft 
fc, z.<?>mimimm&miztiiiz,m2iz7jKZtLZ>w& 

Ififcftb ft LT V *4 . 

[0093] CS3 ( a ) iZifrtJM') £~f. 02 
(a) iZTF-fJMbmmnJMZ&K LTO§£2l£ 

■77.^ b Jty&uzx vm^-xffl&sm *>m 

&&Z.tfU\>&MzB&&\Zi\tzffi&-5 b ZMfct 
ft". 

[0094] CH3 ( b ) tZ^-TXg: iWZ. LTOl 
2 1 2rl^L^<7J-fe, n- IxtJ|2iO±(:T«MS 
^ 1 x 1 0 1 6 c m- 3 OT. MJS*« 0 . 3 u mWmmm 

[0095] <eo&. y-xwvx hmzm^xmm* 

•v ^WJB 5 O±c7)0r^^{C LTOK24 zrffifiL. i 

AL, n* SV-X|gl^4 2:m-r4. ^:i>. 

[009 6] CE3 (c) iZOi-tJLn) 7^- 

CLTOK2 5 SrEML^fO - ^. Clit2r"7X^ LT A 
1 2r>f^^aAUT^3 a«rJBiS-f ft. iflfcJ: 0. 

ft. =5r*3. CO^O-^^-yaA^fNi. ^l^SS^ffii: 
|3I«i:LTV^ft. 

[0097] CH3 (d) iZK-tJLU) *LX. LTO 

-r^Jf5^)±Ofi)f^^tCLTOJ^2 6 2riE©L. i 
il*v^7 1 UTpS^^r-f ^>ii7vL. pS<- 

3 i.<mm^^ *jvm s z&tmiz p s^f^c 

ft. 

[0098] vltf)&. Hi 4 t^-f JMtn&i . *n 
JS^t-fc{tft«^^°7-M0 S F ET^fiSii-4 . i 
O J: p , affi^ ^;PJg 5 ^^ift LfcttfclW* 3 a $• 

[0099] ( « 3 %tees ) *mmmtm 1 ^se^ 
»tz*j»tft pfi<-^«W3^)flijft*sacu/s io-t-A 
ft. «goT. MosFETo±ft«Ba{sasi jaBKBk 
ft a . as i jy^as > sft ft gc#o wj-r 

[0 10 0] H4t*HJ|^BIlZi3{tftMOSFETO 
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b UM Ltifflg. 3 a, B5r H-Ay h £ LXJ&&IL 
fcfWS 3 b . ai/'y-xm© 1 0 i: iD3 7 b 
tt3c**L?»ft.' 

[0101] ffi&3 a{2, SB5?-\r*/Wl5<7rFg&£-& 

♦A © 5 iOTas* *4 & \* o lz&&£tiX& 9 MM 
3 a J: 0 t/ttdaEStfflKaoTVit . o* 0 . fflK3 

. lfctf>Hi«3&9a<$roTV**. . 

[0 1 0 2]ti->T. C OsIJS 3 b #-f 4 -7^-7.1 

[ 0 1 0 3 3 i-u . ra~1i^$iiTu:$r^#fgi£3 bii 
SSg 3 a t t$TTtMZ->t—><5 «y TUCiJ 0 . W&3 B# 

[0 10-4 3 .>:<:. Ifi.t -'.(-fllJSSilTtMOSFET 
<DSSi£lfVCI'A.*;f3|5. raioSrXWttBBf*. fit. 

[01051 I PI? t .1 ? (I^XSD n- Sxf/12 
4>±fCLT<)R3 l rWSLW)^. LTOJ83 1 Ofilr 
^SaHWfcWUSiti -rlT. LTOK3 U7A?t 
LTB£^-*>£ 7J_~»j£ ^ b£7gj£-?-£>. iiOt^ 

[01 0 63 1?)>$. mvifrnfrbSLT. ltois 

XL. irnj: '»tr-tf-* bMz* n* iy-xf 
$4 <5> -v J: iz LT^S . ClftdJ: 0 . 

^(H**^/P®3^T?jn{C{dBj > /aA$^-r, nV gy 

[0 1 073 CIM 5(b) t^-fXSD JSte-ffcTx— 

*/UB 5 WTffitCJi B#^$*i£«j*3 b *»* 
JIMSilSruj: ? l£JSr->T«*fcft. BOSlffi***^ 
Jl 5^c7)MUc$-Bb'±f ^» " > ->'t-# & . Cixlcfc 0 . L 

[0 1 083 n* fflV-*««405Tasfc:ttBa* 

n- Mxtf® 2 > *>fi3(c4ift* e^*ffi&£*§ < 
[0 1 0 93 3rfc, J: 0 iz ^ mm^'r^m 5 <DT 

x e Ji 2 2>RBf c ^HRBjWa <5rototiil . « 

3 b rStffif-v */l-Jf 5 £>gifSJ LT tefctZ, Ctt 
«fc 93»WtcJbiatK*l»jhT'# & . 
[01103 m5 ( c ) (CijrfXfl) n- Ixtf2 



iKMtt&Hns-gfca*. LTo§£3 2$-7*?i;L 

TA 1 £>f Z<r>b$. n- Ixef2^) 
±® l> bZtZ. L T OB 3 2 Ol§nSfcft#a§v ^tS 
' 3 b fc*tf*S S $r* J: 3 C l/C . ttiat»riW 

[01113 irtJ. wOfc#<7)>f Jt>^A<7)^m4Bl 

[01123 iiifc «k 0. A l &&AZtvZffl&3 a*J 
^$ix?>. wOfel^Sa^pM^-x^ScOd^ 

XfcT/i2<0±ffi^^^ttt;. mt$L3b£*)i>&^& 

[0 1133 Cms (d) tCS^iS) LTOP3 2$- 
K^LJtO"^. n- SxeS20±t^^)igJg^lx 
1 0 16 crn-3jaT, MJS^O. 3^mJilT<0S®if-*^ 

[0 1143 C06 (a) ^-TXSD 
ft2rffi^T^ffif-*^;PJg5<D±<7)m^jil{CLTOIl 
3 3ffi£aL. Z.fi£-?7*9 b LTN (g^) fiOnl 
^^ar-f 5j->aAL , n + SV— X««4 tJBR-T 
*. Z&b %?)4*>&J^km±. mim&BMbWM 

[01153 CH16 .( b ) ^-fXS) -5-LT, LTO 

J f^S5<?5±om^«K:LTOK3 4 2:ffiSL. 2 

3 ±oaa** 5 r §p*e<){c p s^^h 

ilOtp 3 b fomme^f gOTltg t =5r 

[0 1163 Hl4tC5VtXS*it*Hr. *H 

UBMlZtilf^^m^V-MO S F ■ ET*%*"f 

[0 1 1-7 3 COiot. B^K-^N-yhis-t^^s 
b^*a®*ir ^/W® 5 VTmzliBf$.Ztl%^£ 0 lZ~f 

&zb~cL*i *msE<vsemim±?t z> b 

3at^lS3b*5n* MV-x^tn- Sxtfg2t 

[01183 (m4^jg^B) *ni£^HSi±m 1 mtm 
mz&tfz P 3 nmmzg&s. <r>x-h 

&->t, mo s f e T^±^n3t(±^ 1 mmmb 
mmx'$>&Kib. &immmbm%z&ftcofi.wmt 

[0 1193 07t*H^®(;fc{f|,MOSFETO 
WiBiaSrSt-r, pS^-^ffl«3li. A 1 £K-/\'> h 
t L^««3 a . B * K-^V h b lXl&&L 

^m&3 i> % s.t/y-^^i 0 irony hfflon 
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[0120] fg$3 ati.' Xtf**>-*/H&g|?fcj;o 

*IT^4. «i«3btt, Sia^-r*;Wf 50TSB&S-4 
*v*i3fc4*>-^icj:oTfl&S3ftti*9. ^S3 

o . «r v >t p 3 1 !m#mm 1 

fc<7>lE81#@<^T^4. $£-?T. d^fli£3b#-f 

<-7<-xmt ix® <. 

[01 21] Z<r)*o%m&&G-t&MOSFE. 
T<7>gJtI^(;o^"CIl8— HI 0$>S(wl^-ri). (H 

[0122] CHS ( a ) (CTjrf IH) n" Sxtjg2 
<7)±(C. A 1 £ F-tf^Lfcp- S«4 0£xtr?* 
S"+;US*$-£4. £-*>p- jM4 0£Cf(tt3a£.fltt 
"*"4. Zcr>£ ilz. -f^aAtJ^-ffcxtr**^ 
/Hft*(cJ:->TA 1 £ Y-Jty bb-t ««K3 a«XM 
■T&ifcfcJio'C, A 1 fen-sty M: LTJBVTOI*- 

* SK C b ifiX'S 4 . 
[0 12 3] CHS <b) teirfig] 
^a-«rfflv>Tp- SJI4 0O±OBfje«Kfc: I TOH4 1 

££9. P" M«4 0^miltn- Mx.\?m2£X'm- 

4*4 2bm&&n2>. 

[0 124] CHS (c) tejp-THW 14 20 
rtrStrp" MS4 0£0±ffi^ffi/iCn- mB4 3SrXtT 
**>*/Wfcft$-fr4. CIft(cJ:9. »4 2Wn- 
■ S!84 37*44-. 

[0 12 5] CHS (d) teijS-flS} P - WMAOtf 

iiifcJ: 0. n- Ixef2 bMz h'D 7 LX 
m< n- 11^12 a*9E?fiS£*ft&. 
[0 12 6] CH9 (a) tZif^xm n* Ixtf2 
LTOM4 4 *-|EML*:Z>^ L TOK4 4 *S0EPf 

mttx^h. 

[0127] ^tl. »E*BB*»i5>JlT» LTOIU4 
2^ngi5^SX§T'^fiJt$ix4SEf-r^® 5 i: 
*wC9 •yTL&^J: ■? lz LX . SB?-* ^Jl 5 <VT 
■fctiBjWfcASiufiriiJ: -5 (cLT^4. 

[0128] CH9 ( b ) tcijrrifi} gttft7x-/l, 
£frV>. ^3bK£tt4B-f*>£S1±'ffc-f4. Ztl 
tzXD. «*3b08f^«S*fa<5:4. £«0J:£. * 
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